Abstract The simple nematode, Caenorhabditis elegans, possesses the most extensive known gene family of nicotinic acetylcholine receptor (nAChR)-like subunits. Whilst all show greatest similarity with nAChR subunits of both invertebrates and vertebrates, phylogenetic analysis suggests that just over half of these (32) may represent other members of the cys-loop ligand-gated ion channel superfamily. We have introduced a novel nomenclature system for these ''Orphan'' subunits, designating them as lgc genes (ligand-gated ion channels of the cys-loop superfamily), which can also be applied in future to unnamed and uncharacterised members of the cys-loop ligand-gated ion channel superfamily. We present here the resulting updated version of the C. elegans nAChR gene family and related ligand-gated ion channel genes.
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Keywords Caenorhabditis elegans Á Gene family Á Ion channel Á Nematode Á Nicotinic acetylcholine receptor Nicotinic acetylcholine receptors (nAChRs) mediate fast chemical neurotransmission in both vertebrates and invertebrates. They are members of the ''cys-loop'' ligand-gated ion channel (LGIC) superfamily that also includes c-aminobutyric acid (GABA), serotonin (5-HT), glycine, glutamate and histamine receptors (Sine and Engel 2006) . Cys-loop LGICs are made up of five homologous subunits arranged around a central ion channel. The cys-loop is situated in the N-terminal extracellular ligand-binding region of each subunit and consists of two disulphide-bond forming cysteines separated by 13 amino acid residues, several of which are highly conserved to form a signature sequence (Gene Ontology ID GO:0005230). For examples of cys-loop sequences, see Fig. 1 . The cys-loop plays roles in receptor assembly (Green and Wanamaker 1997) and gating of the ion channel (Grutter et al. 2005) .
Multiple genes generate nAChR diversity. For instance, mammals and birds possess 17 genes encoding for nAChR subunits (Millar 2003) . In contrast, the genome of the simple nematode worm, Caenorhabditis elegans, contains the largest nAChR gene family described so far (Jones and Sattelle 2004; Brown et al. 2006) . Thus, C. elegans possesses 29 nAChR subunits which are divided into five ''core'' groups based on sequence homology (Fig. 2) . Generally, the groups are named after the first subunit to be characterised and the majority of the C. elegans nAChR subunit genes are denoted acr for acetylcholine receptor (Mongan et al. 1998 ). In addition, C. elegans possesses 32 subunits that show closest homology to vertebrate and invertebrate nAChR subunits but do not fall within the five ''core'' groups and at present are designated ''orphan'' subunits (Fig. 2) . Unlike members of the core groups, none of these orphans are a subunits which possess two vicinal cysteine residues important for acetylcholine binding (Kao and Karlin 1986) . With the exception of CUP-4 and Y58G8A.1, which have been shown to be involved in endocytosis (Patton et al. 2005) , the orphan subunits have not so far been functionally characterised and it is yet to be determined which neurotransmitters/ligands act on them.
Here, we present an update on the genes present in the C. elegans nAChR gene family as well as introducing nomenclature for the orphan subunits. Two more subunit genes, acr-24 and acr-25, have been designated (Table 1) which are both a subunits and are members of the DEG-3 and ACR-16 groups, respectively (Fig. 2) . Since the orphan subunits may represent members of the cys-loop LGIC gene superfamily other than nAChRs, they have been designated lgc for ligand-gated ion channels of the cys-loop LGIC superfamily, following the guidelines set for genetic nomenclature for C. elegans (http://www.biosci.umn.edu/CGC/Nomenclature/nomenguid.htm). One subunit gene, originally denoted acr-22 (Mongan et al. 2002) , has since been shown to be an orphan subunit (Jones and Sattelle 2004) and thus has been renamed here lgc-11. As a result, there is a gap in the list of acr gene numbers. Since the last description 
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LGC-14 elegans. Based on protein sequence homology, the worm nAChR subunits are divided into five ''core'' groups whereas subunits showing substantial sequence homology with known nAChR subunits that do not fall within the core groups are designated ''Orphan'' subunits. Acetylcholine-gated chloride channels, ACC-1 to ACC-4 (Putrenko et al. 2005) , show greatest similarity with other anion channels such as GABA (UNC-49), glutamate (GLC-1) and glycine (T27A1.4) receptors. The avian/ mammalian nAChR gene family as well as mammalian serotonin-gated ion channels (5-HT3 receptors) are also included for comparison Fig. 1 Alignment of cys-loop sequences from various cys-loop LGIC subunits including: a human nAChR subunit (a7), several C. elegans nAChR subunits (ACR-16, UNC-38, ACR-8, UNC-29 and DEG-3), a C. elegans nAChR-like subunit (CUP-4), C. elegans GABA receptor (UNC-49) and glutamate receptor (GLC-1) subunits, a rat serotonin receptor subunit (5HT3a), a Drosophila melanogaster histamine receptor subunit (HisCl) of the C. elegans nAChR gene family (Brown et al. 2006) , four new orphan subunit genes (lgc-24, lgc-27, lgc-28 and lgc-29) have been identified. We have set up the lgc gene nomenclature in the anticipation that more cys-loop LGIC subunits with unclear identities will be revealed in the C. elegans genome. According to WormBase (http://www.wormbase.org/) release WS172, there are 206 genes that have the ''extracellular ligand-gated ion channel activity'' motif (Gene Ontology ID GO:0005230) which is characteristic of cysloop LGICs. Since several of these are splice variants, there are in fact less than 200 cys-loop LGIC subunits. Nevertheless, there are still many putative cys-loop LGIC subunits, the majority of which show greatest similarity to chloride-gated channels (Dent 2006) , that have yet to be named. LGC-1 T05B4.1 -Orphan
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